PCT/DE97/02000 



ANTINEOPLASTIC CONJUGATES OF TRANSFERRIN, ALBUMIN AND 
POLYETHYLENE GLYCOL 

Field of the Invention 

This invention relates to tumor-inhibiting conjugates of proteins and polymers 
consisting of a suitable carrier system and cytostatic compounds. Further, the 
invention relates to methods for the production of such conjugates and the use of 
these. Immuno-conjugates or conjugates of protein or of polymer are compounds 
which consist of a suitable carrier substance, such as, for example, an antibody, a 
growth factor, a structure similar to hormones or peptides, a protein or a polymer, and 
one or more cytotoxic active substances such as, for example, cytostatics, toxins or 
radioactive isotopes. The carrier substances have, as a rule, the characteristic of 
preferably accumulating in the tumor tissue, so that in this way also the active 
substance bound to the carrier substance accumulates in the tumor tissue and thus a 
selective anti-tumor therapy is achieved. Chemoimmuno-conjugates are conjugates of 
carrier substances and cytostatic compounds, wherein the carrier, as a rule, is an 
antibody. 

Prior Art 

The cytostatics currently used against cancers have a series of strong systemic side- 
effects and do not exhibit accumulation in the tumor tissue, so that new derivatives 
and formulations are being researched which make selective anti-tumor therapy 
possible. For this purpose, chemoimmuno-conjugates or conjugates of proteins or of 
polymers consisting of one suitable carrier substance or cytostatics are being 
developed. 

As carrier substances, among others, antibodies, growth factors, serum proteins, 
structures similar to hormones or peptides, or polymers are considered, for which, as a 
rule, an accumulation in the tumor tissue is known (Magerstadt, M.: Antibody 
Conjugates and Malignant Disease, Library of Congress 1990: Chadwick, CM. : 
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Receptors in Tumour Biology, Cambridge University Press, 1984, Seymour, L.W. 
CRC Crtt. tov. The, Drug Carrier Sy, (1992), 9, 135-187; Maeda, H, Matsumura, 
Y CRC Crit. Rev. Ther. Drug Carrier Sys. (1989), 6, 193-210). 
The present invention comprises human serum transferrin and serum albumin as 
carrier proteins, of which the accumulation in the tumor tissue is documented (Ward, 
S G Taylor R.C.: 1-54, in Metal-Based Drugs (Gielen, M.F. (Ed.)), Freund 
Publishing House Ltd, 1988; Sinn, H., Schrenk, H.H., Friedrich, A., Schilling, U. and 
Maier-Borst, W. (1990), Nucl Med Biol Vol 17(8), 819-827) as well as polyethylene 
glycols (PEGs) as carriers of cytostatic compounds (Topchieva, I.N. (1990), Polym. 
Sci. USSR 32, 833-851 ; Polyethylene glycol) Chemistry; Biotechnical and 
Biomedical Applications (1992), Ed. J.M. Harris, Plenum Press, New York). 
PEGs are, due to their bio-compatibility, their good water-solubility and synthetic 
divergence, very suitable for the development of therapeutic polymer conjugates. In 
recent years PEGs have been conjugated mainly with medically significant protems 
and enzymes (Overview m Topchieva, I.N. (1990), Polym. Sci. USSR, 32, 833-851). 
The production of chemoimmuno-conjugates and conjugates of proteins or of 
polymers occurs generally either through direct coupling of carrier substance and 
active substance or with the help of spacer groups, so-called homo- or 
heterobifunctional reagents. Until now, mainly the method of direct coupling has been 
used which, however, often leads to polymeric products and not-unequivocally- 
defmed conjugates. Recently, several chemoimmuno-conjugates (European Patent 
Application EP 91-1 17535 91 1615, European Patent Application EP 90-109268 
900516, PCT International Paten, Application WO 90-CA251 900809, British (UK) 
Patent Application GB 83-5104 830224 and European Patent Application EP 89- 
102370 890210), which were produced using specific afunctional reagents, were 
suggested as cytostatically effective media. Furthermore, from DE 41 22 210 Al, 
conjugates of tumor-active compounds with transferrin or albumin are known, 
wherein the tumor-active compound is activated with N-hydroxy succinimide and 
carbodiimide and the thus-obtatned mixture is directly coupled to the carrier protem. 
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Description of the Invention 

consisting ofWe^ai^in and polve^^ne^coUwitha^so between 
5000 and 200000 Da and, at ieast, one cytostatic compound derivat^ed through 
compounds of maieinimide or N-hydroxysuccinitnide, have a turnor-inhtbmng 
effectivenesswhichiseauaiorhigherthanthatofdrecytostaticconrpound^ 
Suitable for the production of these conjugates of protein or po,ymer are cytostat.c 
compounds such as the anthracyciines, doxorubicin, daunorubicin, epinrb.cm, 
.darubicinattdmitoxa^one,^^ 

antimetabolites, methotrexate, 5-fluorouracyl, .-desoxy-5-fluorouridine an 

o^inocamptothecin, the podophyfiotoxin derivatives, etoposide, tempos.de artd 

mUopodoside.mevmcaaMoid^^ 

and a compound of the general I, II, III or IV: 



c 



\ 



Formula III 



(CH 2 )„ 

I 

Formula IV 



n =0-6 X = -NH 5 , -OH, -COOH, -O-CO-R-COR*, -NH-CO-R-COR*, wherein R is 

phenylene group and R< H, pheny,, alkyl with i -6 carbon, and the amme tunctions 
t p ovided with a protective group such as the ,,,-butyloxycarbony, protect 



group, 
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which were denvati^withacompoundofm^^ 
eo.poundo.N-^roxysucci^eco.poundw^hhasat.e.stone— a! 
^p which is suitable for binding to .he cytostatic, such as an amtno, hydrox , 
arbonicacid, cathode acid chiotide, sulfonic acid, suifonic acid chionde, act 
hydracide.orhydr^no, oxycatbonyicnio.de, aldehyde <=r gtoup, so *a 
Jaleinitnidedetivati.es otN-hydroxysuccinintideestetdenvattvesofcytostafc 

carboxylase, oxycarbonyl^^ 
hydroxysuccitnrnide compounds w*^^^ 

th at is, the corresponding p,a«^ 

[PtA 2 B] (A - halogen, B - (NH.) , ethylene diamine, ptopane dtannne, 1,2- 
diaminocyclohexane). 

Through teacting the derivative* cytostatic compounds wi* native ot thio.ated 
^siinotaibumtnotwi.theteto.othomobi—PBGsw.Utamassof 

between 5000 and 200 000 Da - Overview 1: 
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conjugates of proteins or powers are prepared which are produced simply and 

Jldtoierabilit, The conjugates of protein or poiyemyiene giyco! reaped 
Jo Ug hsuc h cou pl in g s I whicha I e.er y — for a seiective batmen, of cancer 
diseases, are object of the invention and are described in the foUowtng. 

.neconjugateswidtmaleinimidedenvativesrnfourstepsCSteps 1 to^nthe 
l^tes^N-hydro— ,de ester derivatives in^ee steps (Steps i, 2 and 

steD ,. Synthesis of maleinimide or N-hydroxysuccinimide compounds 

StTpl': SynthesisofmaieinimidederivativesorN-hydroxysuccinimideester 

derivatives of cytostatic compounds 
Step 3 : Thiolation of the carrier protein 
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step 4- Coupling of the cytostatic compound obtained in Step 2 .0 native or 

ttuolated carrier protein or to a PEG shown in Overview 1 . 

The nra.eirnm.de compounds are general* produced according to one of the following 

two methods: 

to the first method, maleic acid anhydride is reacted with an aliphatic amino 
compound H,N-R-Y, wherein R is an aliphatic C-chain with 1-6 carbon atoms or a 
substituted or unsubstituted benzyl group and Y = -OH, -COOH, -S0 3 H, - 
CH(OC A ) 2 ,R. -C^.R-pheny.oralky, group with 1 to 6 carbon atoms, to yteld 
.he corresponding maleaminic acid and subsequently with trie^amine (Et 5 N) ,n an 
amount of up to two equivalents in non-aqueous toluol under azeotropie removal of 
me water obtained to y,e,d the corresponding ma.einim.de compound. The tourer 
derivatizationoftheYgroupoccursbyreactingune-COOHor the -SO3H group wrth 

oxaly. chloride or thionyl chloride to yield the corresponding acid chlorides, by 
reacting thehydroxyl group with bis-CtrichloromemyD-carbonate to y.ddthe 
corresponding oxycarbonyl chlorides, by reacting the acetal group -CH(OC 2 H s ) 2 to 
yi e.d,he corresponding aldehyde with the he,p of acid-ca.lytic Ceavage suet .as, for 
example, through p-to,uo, sulfonic acid, sulfuric acid or acidic silica gel, and by 
reacting acid chloride with N-(tert.-butoxycarbonyl)-alcohol amine or N-(tert, 

or hydrogen chloride (HC) in ether, tetrahydrofuran (THF) or dioxan y.eldmg the 

corresponding amino or hydrazino compounds, respecuvely. 

to the second method, maleic acid anhydride is reacted with an aromatic amino 

y -'oH -COOH, -SO.H, R. -C^O, R* - phenyl or alky, group wtth 1 to 6 carbon 
atoms, to'yield the corresponding maleaminic acid and subsequently with acetic acd 
anhydnde and anhydrous sodium acetate to yie.dthe corresponding maieuumtde 
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compound. The further denization of the group Y oceurs by reacting the -COOH 
or the -SO3H group with oxalyl ehloride or thionyl chloride to yield the correspond^ 
acid chlorides, by reacting the hydroxy, group with bis-(tnchl„rometh y .)-carbon a te to 
yield the corresponding oxycarbonyl chlorides, by reacting the acid chloride to yeld 
the corresponding aldehydes with the help of LiAl[OC(CH 3 ) J 3 H in THF, by reacting 
the acid chloride in THF or ethyl acetate with ,-buytlcarbazate and subsequent 
cleavage with trifluoroacetic acid or HC1 in ether, THF or dioxan to yield the 
correspondingacidhydrazidesandbyreactingtheacidchlorideswithNKtert, 

butoxycarbonyD-alcohol amine orN-(.er«,butoxycarbony.)-alcoho. hydrazine and 
subsequent cleavage with trifluoroacetic acid or HCL in ether, THF or dioxan 
the corresponding amino or hydrazino compounds. 

the maleinimide compounds obtained in the above-mentioned methods, in winch ts 
CO-NHNH, or -COR* with n = 1-6 and R* = H, phenyl, alkyl with 1 -6 carbon atoms, 
wim carbonyl compounds of the genera, formula 0=CR*-R-Y or with acid hydraz.de of 
the general formula Y-R-R'CO-NH-NH, in anhydrous THF, methanol or ethanol wrth 
the optional addition of toluene-p-sulfonic acid or trifluoroacetic acid. A further 
derivation of group Y occurs by reacting the COOH- or the S0 3 H group 
oxalylchloride or with thionyl chloride to yield the corresponding acid chlon es, by 
reacting the hydroxy group with bis-(Unchlorome*yl)-carbo»ate .0 y.eld the 
corresponding oxycarbonyl chlorides. 

The bismaleinimide compounds of me general formula XI, wherein two maleinimide 
compounds are connected by a group Z, which represent, a diaminoalkane 
dihydroxyalkane, dihydrazinoalkane or carboxyhc acid dihydrazide compound, so that 
two maleimmide compounds are connected with one another via two amide, ester, rmme 
nydrazone or carboxylhydrazone bonds, are produced from the above-mentioned 
maleinimide compounds, wherein the synthesis of the compounds connected by the 
^ine bonds occurs by reacting the acid chloride of the maleinimide compounds wrth 
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diaminoalkarte compounds W *M n - 2-12, in THF or ethyl acetate with the 
optional addition of Et 3 N, the synthesis of the compounds connected by an ester bond by 
reacting the acid chloride of the maleinimide compounds with dihydroxy compounds 
HO (CH)-OH- n = 2-12, in THF or or ethyl acetate with the optional addition of Et 3 N, 
the synthesis of "the compounds connected by an imine bond by reacting the aldehydes 
or ketones of the maleinimide compounds with diaminoalkane compounds NH 2 -(CH 2 )„- 
NH n = 2-12 in anhydrous THF, methanol or ethanol with the addition of tohiene-p- 
sulfonic acid or trifluoroacetic acid and the synthesis of the compounds connected by a 
hydrazone or carboxyl hydrazone bond occurs by reacting the aldehydes or ketones of the 
maleinimide compounds with dihydrazinoalkane compounds W,).** 
or carboxylic acid dihydrazines H 2 N-NH-CO-CCH,) „-CO-NH-NH 2 , n - 2-12, m 
anhydrous THF, methanol or eftanol with the addition of toluene-p-sulfomc ac,d or 
trifluoroacetic acid. 

The N-hydroxysuccinimide compounds are produced in general by reacting N- 
hydroxysuccinimide with Y-R-COOH or with Y-R-COC1, wherein R is a substituted or 
v oh NH -COO-(CH,)„-OH, -CONH-- 
unsubstituted phenylene group, Y - -OH, -NH 2 , LUU ^ 2 ;„ 

(CH ) NHBOC, -NHNHBOC, -COO-(CH 2 ) n -NHNHBOC,-S03H, -S0 2 -NHNHBOC, - 
CHO "-COR* -CO-NHNHBOC with n - 1-6 and R« = H, phenyl, alkyl with 1-6 carbon 
atoms and BOC is me tert-butyloxycarbony! protective group, to yield the correspond^ 
N-hydroxysuccinimide ester compound. In so doing, the reaction starting with Y-R- 
COOH is performed in an anhydrous solvent, preferably dichloromethane, acetorutnl or 
THF with me addition of dimethylaminopyridine (DMAP) and a condensation agent, as 
aruleNN^dicyclohexylcarbodiimideCDCQorN-cyclohexyl-K-P-morpholinoethyl)- 

carbodiimide metho-o-toluol sulfonate (CMC), to yield the corresponding succtmm.de 
ester derivatives. If the acid chloride Y-R-COC1, which is obtained through chlonnatton 
with acid halogenation reagents such as, for exampk, with oxalylcMoride or thionyl 
chloride, is employed, then the reaction with N-hydroxysuccinimide occurs preferably 
in anhydrous THF, acetonitril or ethyl acetate. 
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The BOC protective group can subsequently be removed with trifluoroacetic acid or HO 
mete or dioxan, so that the corresponding arnino or hvd^no compounds . we^a. 
the acid hydrazides are obtatned as trifluoroacetate or hydrochlondes. A firmer 
derivation of group Y occurs by reacting the hydroxy group -h bts- 
(rrichlororneutyO-earbonatetoyieldthecorrespondingoxycarbonylcMondes. 

Ua-ysuccinimide compounds of the genera! — >X and X are produced 
reaclgthehydroxysucc^^ 

inwU lvis-CO-NHNH ! or-CO R .withn= 1 -6and R .=H,pheny 1 ,*I^l-6 

ox.y.chloride or with thiony. chloride to yie.d the corresponding actd chion s, b 
reacting the hydroxy group with bis-CtrichioromethyO-carbonate to yteid tire 

corresponding oxycarbonyl chlorides. 

The isolation ofthe above-mentioned maieinimide and N-hydroxysuccinimide ester 
compounds occurs either through crystaliization, through silica gei column 
chromotographyorthroughpreparativeHPLCorLPLConadiolcoiumn.asts 

described in the examples below, 
compounds 

Suitabie for the reaction with the ma,einimide and M-hydroxysucctnimide compounds 
obtained in Step 1 are the cytostatic compounds mentioned in clarms 1 to 3. The. 
eytostaticcompounds are reacted with the maleinimide and N-hydroxysuccrmmrde 
elcompoundsdeseribedinStepl.somatutemaieimmidedenvativesandN- 
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compound and cytostatic compound occurs through an amide, ester, imine, hydrazone, 
carboxyl hydrazone, acetal or ketal bond. 

In the ease of the anthraeyclines, doxorubicin, daunorubicin, epirubicin or ida^bicin, 
the synthesis in detail through the reaction with acids or acid chlorides, iistcd m Step 
, of maleinimide orN-hydroxysuccinimide of formulas V to X to yield the 
corresponding antlvracycline-maleinimide derivatives or corresponding anthracychne- 
hydroxysuccinimide derivatives in a solvent, preferably dimethylformamide (DMF) or 
THF wi* the optional addttion of a tertiary base, as a rule, E,N, or with the optional 
addition of DMAP and a condensation agent, as a rule, DCC or CMC, wherein the 
coupling occurs via the 3'-NH, group of the amino sugar of anthracycline as amide an 
bond, 

or through reaction with the aldehydes or ketones of maleinimide or N- 
hydroxysuccinimide compounds listed in Step 1 in a solvent preferably DMF, 
methanol or ethartol, with the optional addition of an acid, as a mle, toluene-p-sulfomc 
acid or trifluoroacetic acid, wherein the coupling occurs via the 3'-NH 2 group of the 
amino sugar of anthracycline as an imine bond, 

or through the reaction with the amines of maleinimide or N-hydroxysuccimmtde 
compounds listed in Step 1 in a solvent, preferab.y DMF, methanol or etivanol, wtth 
tire addition of an acid, as a rule, toluene-p-sulfonic acid or trifluoroacetic acd, 
wherein the coupling occurs via the C 13 -keto position of the anthracycline as an trmne 

bond. 

or through the reaction with the acid hydrazides of malermmide or N- 
hydroxysuccinimide compounds listed in Step 1 in a solvent, preferably DMF, 
methanol or ethanol, witir the addition of an acid, as a rule, ,oluene-p-sulfonic acd or 
trifluoroacetic acid, wherein tire coupling occurs via the C 13 -keto position of the 
anthracycline as a carboxyl or sulfonyl hydrazone bond. 

In the case of mitoxandron, the synthesis is performed in detail through reaction wrth 
the acids or acid chlorides of ma.einimid= orN-hydroxysuccinimide compounds, 
listed in Step 1 , of formulas V to X to yield the corresponding mitoxandron- 
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nraleinimide derivatives or mitoxandron-hydroxysuccinimide derivatives in a solvent, 
preferably DMF or THF with the optional addition of a tertiary base, as a rule, Et,N, 
or with the optional addition of DMAP and a condensation agent, as a rule, DCC or 
CMC, wherein the coupling occurs via, at leas,, one of the aliphatic HO-groups of the 
mitoxandron as an ester bond, 

or through reaction with the aldehydes or ketones of maleinimide or N- 
hydroxysuccinimide compounds listed in Step 1 in a solvent, preferably THF, 
methanol or ethano, win, the optronal addition of an acid, as a rule, trifluoroacetic acd 
or toluene-p-sulfonic acid, wherein the coupling occurs via, at least, one of the 
aliphatic HO-groups of the mitoxandron as an acetal or ketal bond. 

In the case of the alkylating agents, chloroambucil and melphalan, the synthesis is 
performed in detail through reaction of chloroambucil or melphalan with the hydroxy 
compounds of maleinimide or N-hydroxysuceinimide compounds listed m Step 1 m a 
solvent preferahiy DMF, dicUoromethane or THF with the addition of DMAP and a 
condensation agent, as a rule, DCC or CMC, to yield the corresponding chloroambucrl 
or melphalan-maleinimide derivatives or chloroambucil or melphalan- 
hydroxysuccinimide derivatives, respective*, wherein the coupling occurs vra the 
COOH group of chloroambucil or melphalan as an ester bond, 
or through reaction of chloroambucil or melphalan, respectively, with acid 
halogenation reagents such as oxalylchloride or thionyl chloride, to yield the 
corresponding acid chlorides and subsequent reaction of acid chlorides m THF or 
ethyl acetate with ,-alkylcarbazates, as a rule, tert.-butylcarbazates, or with optronal 
addition of a tertiary base, as a rule, Et 3 N, or through reaction of chloroambucrl or 
m el P halan in DMF, THF or ethyl acetate with ,-alkylcarbaza.es, as a rule, DCC or 
CMC and subsequent cleavage of the thus-obtained products with acids, as a rule, 
tnfluoroacetic acid or HC1 in ether, THF or dioxan, to yield the correspondmg acrd 
hydrazides of chloroambuci! or melphalan, respectively, which, in turn, are reacted 
™,th one of the aldehydes or ketones, listed in Step 1, of maleinimide orN- 
hydroxysuccimmide compounds in a solvent, preferably DMF, methanol or ethanol 
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. Hd as a rule trifluoroacetic acid or toluene-p-sulfonic acid, 
with the addition of an acid, as a rule, tri wjrazone 
^ie.dthecorrespondin^alein.mideor^-nydroxysuccnrm.decarboxyi 

derivatives of chloroambuci. ormeiphalan, respective.,. 

7 itedinStepl ofthetnaleinimideorN-hydroxvsucctntm.de 
acid chlortdes, hsted m Step 1, hvdroxys uccinimide 

ofatertiary base, as a rule, Et 3 N, wherein the couplmg occurs 
position of 

5-fluorouracil as an acid amide bond, 

•♦u mrvcarbonyl chlorides, listed m Step 1 , ot tne 
^einimideorN-hydroxvsucctntmtde compounds t ' 

■ ■ -a ,Nhvdroxvsuccinimide derivatives of 5-fluorouracu m 
maleimmideorN-hydroxysuc Et,N, wherein 

ferablvTHFwiththeoptionaladdiUonofatert.arybase,asarule,E 3 . 
pteferably THF, ^ ^ ^ oj(ycalbonyl 

the coupling occurs via the is or v 

b ° nd ' • f « fluorouracil with formaldehyde and the carboxylic acids 

dichloromethaneorTHF.wimthe via the i N . or 'N-position of 

rule, DCC or CMC, wherein the couplmg occurs via the 
5-fluorouracil as a carbamoyloxymethyl bond. 

Inthecaseoi 0 f the maleinimide or N- 

hvdtoxysuccinimidecompoundsofformmasVtoX oy „ a 
m a,ein,m,deorN-hydroxysucc,rumidedenv,,vesof 5 « A 
solvent.preferab.yTHF.wimtheopUonaiadditionofatertiarybase.as 
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fluorouridine as an ester bond, 

or through the reaction with the aldehydes or ketones, listed m Step , of ^ 
maiemimideorK-hydroxysucc^^ 

me thano, or ethanol, with «- addition of an acid, as a rule, . -d- 

tolu ene-p-su lf onic acid, wherein the conpiins occurs via the.-HOan^B-HO 

g rou P of S^desoxy-S-fluorouridine as an acetal or ketal bond. 

ln the caseofthioguanine, the synthesis is performed in detaii through the reaction 

a f formulas V to X to yield the corresponding maleinimide or N- 
Xl-tionofatertiarybase.asartde.B.H.whereintheconpiingoccurs™ 
the H 2 N group of thioguanine as an amide bond, 

maleinimide or N-hydroxysuccinimide compounds in a solvent, preferably 
Itloremanol.^meadditionofa.acid.asaru.e.trifluoroacettc^ 

as an imine bond. 

methotrexate wimthehydroxy or armno^^^^ 

hydroxysuccinimide compounds, Itsted in Step Unasolvent.preterabiDMFo 
dLethy.sulfoxide with the addition of DMAP and a condensate agent, as a rule, 
"^toyieldthe^^ 
mllxate-hyd.oxy— 

occurs either ™ me a-COOH group or y-COOH group or vtabothCOOH groups 
methotrexate as an ester or amide bond, 

v. ah .he reaction of methotrexate with alkylcarhazates, as a rule, t- 
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of DMAP and a condensation agent, as a rule, DCC or CMC, and subsequent cleavage 
with acids, as a rule, trifluoroacetic acid or HC1 in ether, THF or dioxan, to yield the 
corresponding acid hydrazides of methotrexate, wherein the acid hydrazide group was 
introduced at either the a-COOH group or y-COOH group or at both COOH groups 
of methotrexate, and the thus-obtained acid hydrazide derivatives of methotrexate are 
reacted now with one of the aldehydes or ketones, listed is Step 1, of the N- 
hydroxysuccinimide compounds in a solvent, preferably DMF, methanol, THF or 
ethanol, with the addition of an acid, as a rule, trifluoroacetic acid or toluene-p- 
sulfonic acid, to yield the corresponding N-hydroxysuccinimide carboxylhydrazone 
derivatives of methotrexate. 

In the case of the taxoides, paclitaxel and docetaxel, the synthesis is performed in 
detail through the reaction with the acids or acid chlorides, listed in Step 1, of 
maleinimide or N-hydroxysuccinimide compounds of formulas V to X to yield the 
corresponding taxoid-maleinimide derivatives or taxoid-hydroxysuccinimide 
derivatives in a solvent, preferably DMF or THF with the optional addition of a 
tertiary base, Et 3 N, or with the optional addition of DMAP and a condensation agent, 
as a rule, DCC or CMC, wherein the coupling occurs via the C 7 - or C 10 -OH group of 
the taxoid as an ester bond, 

or through the reaction with the amines or hydrazines, listed in Step 1 , of the 
maleinimide or N-hydroxysuccinimide compounds in a solvent, preferably DMF, 
methanol or ethanol, with the addition of an acid, as a rule, toluene-p-sulfonic acid or 
trifluoroacetic acid, wherein the coupling occurs via the C 9 -keto position of the taxoid 
as an imine or hydrazone bond, 

or through the reaction with the acid hydrazides, listed in Step 1, of the maleinimide 
or N-hydroxysuccinimide compounds in a solution, preferably DMF, methanol or 
ethanol, with the addition of an acid, as a rule, toluene-p-sulfonic acid or 
trifluoroacetic acid, wherein the coupling occurs via the C 9 -keto position of the taxoid 
as a carboxyl or sulfonyl hydrazone bond. 
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In the case of the camptothecines, topotecan or 9-aminocamptothecine, the synthesis 
is performed in detail through the reaction with the acids or acid chlorides, listed in 
Step 1 , of the maleinimide or N-hydroxysuccinimide compounds of formulas V to X 
to yield the corresponding taxoid maleinimide derivatives or taxoid- 
hydroxysuccinimide derivatives in a solvent, preferably DMF or THF with the 
optional addition of a tertiary base, Et 3 N, or with the optional addition of DMAP and a 
condensation agent, as a rule, DCC or CMC, wherein the coupling occurs via the C I0 - 
OH group of the topotecan as an ester bond or via the C 9 -NH 2 group of the 9- 
aminocamptothecin as an amide bond, 

or through the reaction of 9-aminocamptothecin with the aldehydes or ketones, listed 
in Step 1, of of the maleinimide or N-hydroxysuccinimide compounds in a solution, 
preferably DMF, methanol or ethanol, with the optional addition of an acid, as a rule, 
toluene-p-sulfonic acid or trifluoroacetic acid, wherein the coupling occurs via the C 9 - 
NH 2 group as an imine bond. 

In the case of the podophyllotoxin derivatives, etoposide, teniposide and 
mitopodozide, the synthesis is performed in detail through reaction with the acids or 
acid chlorides, listed in Step 1, of maleinimide or N-hydroxysuccinimide compounds 
of formulas V to X to yield the corresponding taxoid-maleinimide derivatives or 
taxoid-hydroxysuccinimide derivatives in a solvent, preferably DMF, 
dichloromethane or THF with the optional addition of a tertiary base, as a rule, Et 3 N, 
or with the optional addition of DMAP and a condensation agent, as a rule, DCC or 
CMC, wherein the coupling occurs via one of the aliphatic HO-groups of the 
podophyllotoxin derivative as an ester bond. 

In the case of the vinca alkaloids, vinblastine, vincristine, vindesine and vinorelbine, 
the synthesis occurs in detail through the reaction with the acids or acid chlorides, 
listed in Step 1, of maleimmide or N-hydroxysuccinimide compounds of formulas V 
to X to yield the corresponding taxoid-maleinimide derivatives or taxoid- 
hydroxvsuccimmide derivatives in a solvent, preferably DMF, dichloromethane or 
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THF with the optional addition of a tertiary base, as a rule, Et 3 N, or with the opttonal 
addition of DMAP and a condensation agent, as a rule, DCC or CMC, where.n the 
coupling occurs via one of the aliphatic HO-groups of the vinca alkaloid as an ester 

bond. 

In the case of maleinimide or N-hydroxysuccintmide derivatives of the ^-configured 
p,a.inum(II)-complexes, the synthes.s occurs in detail through the reaction of the 
corresponding amino compounds H 2 N-CH 2 CH 2 -NH-(CH 2 ),X, (H 2 N-CH 2 ) 2 CH- 
(CH ) -X or H 2 N-CH 2 CH(NH 2 )-(CH 2 )„-X (general formulas I, II and III), wherein one 
or two of the primary or secondary amino groups has been protected with a BOC 
group (reaction with bis-tert,butyloxy carbonyl anhydride) and X is -NH 2 or -OH, 
with the acids or acid chlorides, listed in Step 1 , of maleinimide or N- 
hydroxysuccinimide compounds of the general formulas V-X in a solvent, preferably 
THF or ethyl acetate, with the optional addition of a tertiary base, as a rule, Et 3 N, or 
with the optional addition of DMAP and a condensation agent, as a rule, DCC or 
CMC to yie.d tie corresponding BOC-protected maleinimide or hydroxysuccimm.de 
derivatives which then are converted by means of trifluoroacetic acid or HC1 tn ether, 
THF or dioxan through c.eavage-off of the BOC group into the correspond^ 
trifluoroacetate or hydrochloride and finally through reaction with a tetxachloro- 
platinatedl) sal, preferaWy potassium ,etrachloro-platinate(II), in water, salt buffers, 
DMF DMF/water mixtures, THF/water mixtures or DMF/methanol mixtures, mto the 
corresponding platinum(.I)-complexes, wherein the coupling occurs via the terrmnal 
HO group as an ester bond or via the terminal H 2 N group as an acid am.de bond, 
or through the reaction of the corresponding amino compounds H 2 N-CH 2 CH 2 -NH- 
(C H 2) -X (H 2 N-CH 2 ) 2 CH-(CH 2 ),-X or H 2 N-CH 2 CH(NH 2 MCH 2 ),X (general formulas 
, I, and III), wherein one or two of the primary or secondary amino groups has been 
protected with a BOC group (reaction with bis-tert.-buty.oxy carbonyl anhydride) and 
X is -NH 2 or -OH, with compounds of the type HOOC-R-COCR* or C10C-R- 
COCR* (R is an aliphatic carbon chain with 1-6 carbon atoms or a substituted or 
unsubsututed phenylene group, and R« is H, phenyl, alky, with 1-6 carbon atoms) u, a 
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solvent, preferably THF or ethyl acetate, with the optional addition of a tertiary base, 
as a rule, Et 3 N, or with the optional addition of DMAP and a condensation agent, as a 
rule, DCC or CMC, to yield the corresponding BOC-protected maleinimide or 
hydroxysuccinimide derivatives which now have a further carbonyl function which, in 
the following, are reacted with the amines, acid hydrazides or hydrazines, listed in 
Step 1, of the maleinimide or N-hydroxysuccinimide compounds in a solvent, 
preferably DMF, methanol or ethanol, with the addition of acid, as a rule, toluene-p- 
sulfonic acid or trifluoro acetic acid, to yield the corresponding imine, 
carboxylhydrazone or hydrazone derivatives, which then again are converted by 
means of trifiuoroacetic acid or HC1 in ether, THF or dioxan through cleavage-off of 
the BOC group into the corresponding trifluoroacetate or hydrochloride and finally 
through reaction with a tetrachloro-platinate(II) salt, preferably potassium tetrachloro- 
platinate(II), in water, salt buffers, DMF, DMF/water mixtures, THF/water mixtures 
or DMF/methanol mixtures, into the corresponding platinum(II)-complexes, 
or through the reaction of the corresponding amino compounds H 2 N-CH 2 CH 2 -NH- 
(CH 2 ) n -X, (H 2 N-CH 2 ) 2 CH-(CH 2 ) n -X or H 2 N-CH 2 CH(NH 2 )-(CH 2 ) n -X (general formulas 
I, II and III), wherein one or two of the primary or secondary amino groups has been 
protected with a BOC group (reaction with bis-tert.-butyloxy carbonyl anhydride) and 
X is COOH or this carbonyl group was converted using acid halogenation reagents 
such as thionyl chloride or oxalyl chloride into the acid chloride, with compounds of 
the type HOR-COCR* or H 2 N-R-COCR* (R is an aliphatic carbon chain with 1-6 
carbon atoms or a substituted or unsubstituted phenylene group, and R* is H, phenyl, 
alkyl with 1-6 carbon atoms) in a solvent, preferably THF or ethyl acetate, with the 
optional addition of a tertiary base, as a rule, Et 3 N, or with the optional addition of 
DMAP and a condensation agent, as a rule, DCC or CMC, to yield the corresponding 
BOC-protected maleinimide or hydroxysuccinimide derivatives which now have a 
further carbonyl function which, in the following, are reacted with the amines, acid 
hydrazides or hydrazines, listed in Step 1, of the maleinimide or N- 
hydroxysuccinimide compounds in a solvent, preferably DMF, methanol or ethanol, 
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with the addition of acid, as a rule, toluene-p-sulfonic acd or trifluoroacetic acd, to 
yi e.d the corresponding imine, carboxylhydrazone or hydrazone derivatives, whtch 
then again are converted by means of trifluoroacetic acid or HC1 in ether, THF or 
dioxan through cleavage-off of (he BOC group into the corresponding trifluoroacetate 
or hydrochloride and finally through reaction with a tetrachloro-platinate(II) salt, 
preferably po—tetrachloro-piatinateaD, in water, salt buffers, DMF, DMF/water 
mixtures, THF/water mixtures or DMF/methanol mixtures, into the correspondmg 
platinum(II)-complexes. 

in the case of maleinimide or N-hydroxysucdnimide derivatives with malonic acid 
derivatives of the general formula IV (HOOC) 2 -CH-(CH 2 )„. X to the ^-configured 
platinumdD-complexes, the synthesis occurs analogous to the above-descnbed 
complexes, wherein the platinum(n)-complexes are obtained by reactmg the 
maleinimide orN-hydroxysuccinimide derivatives with malonic acid derivatives wtth 
cis-[PtA,B] (A - halogen, preferably CI or J, B = (NHO, ethylene diamine, propane 
diamine, ,,2-diaminocyclohexane) to yteld me corresponding platinum (I I)-com P lexes 
in a solvent, such as water salt buffers, DMF, DMF/water mixtures, THF/water 
mixtures or DMF/metha„ol mixtures with the addition of a hydroxide solution, 
preferably aqueous KOH. The reaction can optionally be carried ou, in the presence of 
silver nitrate (AgN0 3 ) or silver sulfate (AgW The platinum complex is obtamed 
through crystahization or through addition of a solvent, preferably diethylether or 
THF. 

The isolation of the above-mentioned maleinimide or N-hydroxysuccinimide 
cytostatic compounds, respectively, occurs either through crystallization, through 
sihca gel column chromotography or through preparative HPLC or LPLC on a 
reverse-phase (C8 or C. 8) or diol column, as is described in the examples below. 
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Step 3: Thiolation of the carrier protein 

Sulfohydryl groups (HS groups) are introduced through reaction of the carrier protein 
with a thiolation reagent, preferably iminothiolan, into human serum transferrin and 
serum albumin. The thiolation occurs in a salt buffer, as a rule, in 0.1 M sodium 
borate, 0.15 M NaCl, 0.001 M EDTA - pH = 8.0, with an excess of thiolation reagent 
(2- to 100-fold excess) and subsequent gel filtration (for example, Sephadex® G10 of 
G25) with a salt buffer such as 0.025 M sodium borate, 0.15 M NaCl - pH 6.0 - 7.5 or 
0.004 M phosphate, 0.15 M NaCl - pH 6.0 - 7.5. The concentration of protein after 
completed gel filtration is determined through the extinction coefficient at 280 nm and 
is, as a rule, in the range of between 1.0 x 10" 4 and 5.0 x 10" 3 M. The number of the 
introduced HS groups is determined with Ellmann's reagent at 412 nm. Through 
variation of the reaction conditions, 1 to 30 HS groups can be introduced on the 
average. The thiolated transferrin or albumin solution is employed directly for the 
synthesis of the conjugates. 

Step 4: Coupling of the cytostatic maleinimide or N-hvdroxvsuccinimide compounds 
to the native or thiolated carrier protein or to a polyethylene glycol shown in 
Overview 1 

For the coupling of the cytostatic maleinimide or N-hydroxysuccinimide compounds 
to PEGs, PEGs are employed which have one or two HO-, HS- or H 2 N groups and a 
mass of between 5,000 and 200,000 Da, preferably between 20,000 and 70,000 Da. 
Corresponding compounds are not commercially available. In the following, 
polyethylene glycols having one or two HS groups are shortened with HS-PEG or HS- 
PEG-SH, and the PEGs having one or two H 2 N groups are shortened with H 2 N-PEG 
or H 2 N-PEG-NH 2 . 

Coupling of the cytostatic maleinimide derivatives to the thiolated carrier protein or 
to HS-PEG, HS-PEG-SH, H^N-PEG or H^-PEG-NH^ The cytostatic maleinimide 
derivatives (see Step 2) are reacted with thiolated transferrin, albumin (see Step 3), 
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HS PEG HS-PEG-SH, H 2 N-PEG or H 2 N-PEG-NH 2 at room temperature. In so domg, 
to the thiolated protein, HS-PEG, HS-PEG-SH, H 2 N-PEG or H 2 N-PEG-NH 2 , which is 
present in a degassed saK buffer such as 0.025 M sodium borate, 0. 1 5 M NaCl - P H 
6 0 to 7 5 or 0.004 M phosphate, 0.15 M NaCl - pH 6.0 to 7.5, an approximately 1.1- 
to 10-fo.d excess of the cytostatic maleinimide derivative is added (in terms of the 
number of available HS groups in the protein or PEG), dissolved in a minima! amount 
of solvent, as a rule, DMF, dimethylsulfoxide, water, ethanol, methanol, acetomtnl or 
THF (approximately 1 to 10% of the volume of the thiolated sample). After 
approximately 5 to 120 minutes, the solution is centrifuged, and the formed protem 
conjugate or PEG conjugate is separated off through subsequent gel filtration (for 
example Sephadex® G10, G25 or LH20) in a degassed salt buffer such as 0.025 M 
sodium borate, 0.15 M NaCl - pH 6.0 - 7.5, 0.004 M phosphate, 0.15 M NaCl - pH 
6 0 - 7 5 or 0 1-0.2 M NaHC0 3 , or in methanol or THE, from the excess cytostatic 
maleinimide derivative. It canbe advantageous to dilute the thiolated protein sdution 
prror to the addition of the maleinimide derivative with a salt buffer and to add the 
maleinimide derivative, which is dissolved in a minimal amount of solvent, and 
subsequently to concentrate the solution after 5-20 minutes with a customary 
commercial concentrator and to isolate the protein conjugate, as described above. 
Further the solution of the thus-obtained protein conjugate or of the PEG conjugate 
can be concentrated with a customary commercial concentrator or the solvent 
removed under a high vacuum. 

Coupling of, he cytostatic W-W* to the native carrier 

P rote in or to HO-PEG. HO-PEG-OH, H^-PEG or Hl N-PEG-NH, The cytostatic N- 
hy droxysuccinimide derivatives (see Step 2) are reacted with transferrin, a.bumrn, 
HO PEG HO-PEG-OH, H 2 N-PEG or H 2 N-PEG-NH 2 at room temperature. In so 
domg, to'the protein, HO-PEG, HO-PEG-OH, H.N-PEG or H 2 N-PEG-NH 2 , which is 
located ina degassed sal. buffer such as 0.025 M sodium borate, 0.15 MNAC1 - pH 
6 0 to 8 0 or 0.004 M phosphate, 0.15 M Nad - pH 6.0 to 8.0, an approximatelyl.l- 
to 50-fold excess of the cytostatic N-hydroxysuccinimide derivative ,s added, 
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ethane!, methanol, acetonitril or THF (approximat ely 1 to , 0% of the vo,ume of the 
thtolated sam P ,e, Ate approximate* 5 minutes to 48 hours, the solution rs 
centrifuged, and the formed protein conjugate or PEG conjugate is separated off 

degassed salt buffer such as 0.025 M sodium borate, 0.15 M Nad - P H 6.0 - 7.5, 
0.004Mphosphate,0,5MNaCl-pH6.0-7,or0,-0. 2 MNaHCO 3 ,orm 

methanol or THF, from the excess cytostatic N-hydroxysuccininude derive. 
selutionofmetos-obtainedproteinconjugateorofthcPEGconjugatecanbe 

concentrated with a customary commercial concentrator or the solvent removed under 

a high vacuum. 

Thenumberofthe cytostatic maleinimide derivatives or K-hydroxysuccinimide 

throughaphotometricconcen^on determination atthe absorbed wavdeng* of *e 
cytostaticmaieinimideorN-hydroxysuccinimidedcrivauveCtyptca.lybe^een^ZO 

mi 6 00 n m)a J1 d/orthroughco,o ri metricdetermination which 
conjugates of chloroambucil arrd melphalan, is performed wth the a,d of theNBP test 
, R .W.,Ess, R .,^C^a9 5 5),2 7 ,,43,,43 9 ),mthe 

aLftheconjugatesofS-ftuorourac^ 

of the coniugates of the ^-configured p,atinum(II)-analo g ues with the atd of a 
(1982), 258, 5764-5769) or according to atomic absorption spectroscopy (AAS). 

On the average, through the above-described way, approximate* 1-30 molecules of 
thecytostaticcompoundisboundtoonemoleculeofproteinor.^moleculesofthe 

cytostatic compound to one molecule of the PEGs. The purity of the protein conjugate 
or thePEG conjugate is checked through HPLC wi* *e aid of an analyttcal column 
(Bio-Sil SEC 250, (300 mm x 7.8 mm) from Bio-RAD, mcbtle phase: as a rule, 0.1 5 
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MN^0.0.MN^ 5 ^«f^-pH7.0«N^.^H««60. 

ft o m Mac h e rcy andNa g e., m o b i 1 ep te se:asa r u,e,0,MNaC 1 ,0.004MNaH J PO. 

conjugates exhibit a purity of > 90%. 

• «tP<: or PEG conjugates can be stored in a dissolved form at 0-5°C, 
The protein conjugates or FbU conjugal 

, *t T - 20°C or -78°C Furthermore, it is possible to lyophihze the 
in frozen form at T - -2U ^ or 

solution of the conjugate and store the lyophilisate at + 5 to -78°C. 
0bj ectofthe mention ate also such chemoimmuno -conjugates consisting of alburmn 
WM ch, according to one of the ciaitns .to 3, is .oaded with approximately two ,0 
^ecuivaientsofac^osuticcompoundartd is conjugated, with a protem, for 

tum0 r-associated antigen, preferably, however, with transferrin, vta one of the 
bismaleinimide compounds mentioned in claim 3 or via an aliphatic or aromatrc 

ml „ima, amount of solvent, as a ntle, DMF, dimethylsulfoxide, ethano methane, 

^^^^^^^^^^ 
dta e,hy.sulfoxtde,ethano 1 ,methanol,acetonit ri lorTHF(app— >, 1- 0,of«h. 

solutionis centred, and the formed protein conjugate separated off toough 
suhsecueu, gel f— (for example, Sephadex* G.O or G 2 5) in a sah huffer as a 

MN aCl-pH6.0- 7 .5,fxom»ecytostaticmaleini m idederivativeand«he 
Laleinimide compound. Uen the thus-modifed alhumin conjugate , reacted w* 

Tt avelgcandtheresultmgchemoimmuno -conjugate which now consrsts of an 
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albumin molecule leaded with a cytostatic compound and of the above-menttoned 
protein is isolated with the aid of a Superdex-200 column (comply: Pharmaca) or a 
nydroxyl apetite column (company: Pharmacia or Bio-Rad) in a salt buffer, as a rule, 
0.025 M sodium borate, 0.15 M NaCl - pH 6.5-8.0, 0.004 M phosphate, 0.15 M NaCl 
- pH 6.5 - 8.0. 

It is also possible to, first, react one of the above-mentioned proteins, which contains 
1 5 thiol groups on the average, with a 1.5- to 10-fold excess of the bismaleintmtde 
compound and then to separate the formed protein conjugate through subsequent gel 
filtration (for example, Sephadex® G10 or G25) in a degassed salt buffer such as 
0 025 M sodium borate, 0.15 M NaCl - pH 6.0 - 7.5, 0.004 M phosphate, 0.15 M 
NaCl - pH 6 0 - 7.5 or 0.1-0.2 MNaHCO,, from the bismaleinimide compound, and 
then to react the thus-modified protein conjugate, which now contains 1 .5 equivalents 
of the bismaleinimide compound on the average, with the modified albumm 
conjugate, wherein approximately 80-90 % of the thiol groups introduced tnto the 
albumin havealready been reacted with a cytostatic maleinimide derivative. The 
resulting chemoimmuno-conjugate which now consists of an albumin molecule 
•oaded with a cytostatic compound and of the above-mentioned protein, ts tsolated 
with the aid of a Superdex-200 column (company: Pharmacia) or a hydroxyl apafte 
column (company: Pharmacia or Bio-Rad) in a degassed sal, buffer, such as, 0.025 M 
sodium borate, 0.15 M NaCl - pH 6.0 - 8.0, 0.004 M phosphate, 0.15 M NaCl - P H 
6.0 - 8.0 or 0.1-0.2 MNaHC0 3 . 

The following examples describe the invention in more detail without limiting h. 
Embodiment examples 

Step 1: Synthesis of maleinimide- and hydroxysuccinimide compounds 

P-Malftinimi^^^^nphenone 

H 0 g (70 mmol) of p-aminobenzophenone were dissolved in 70 ml of acetone and 
7.0 g (70 mmol) maieie acid anhydride, dissolved in 40 ml of acetone, were added 
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drop-wise over a period of 1 5 minutes at room temperature. This set-up was stirred for 
3 h at room temperature. Then the precipitation was filtered off, washed with ether 
and dried under a vacuum (yield: 93 %). 19.3 g (65.4 mmol) of N-(p-benzophenyl)- 
maleic acid amide and 2.6 g (31.0 mmol) of anhydrous sodium acetate were dissolved 
at 55 °C in 50 ml of acetic acid anhydride and stirred at this temperature for 2 h. 
Subsequently, the acetic acid anhydride was removed at 60°C under a water jet 
vacuum. To the residue, 300 ml of water was added and stirred for 2 h at 70°C. The 
precipitation precipitating during this time was suctioned off, washed with water, and 
dissolved and recrystallized out of acetone (yield: 94 %); melting point: 150°C; R r 
value: 0.70 (acetic ester/hexane 6/1); calculated: C: 73.64 % H: 3.97 % N: 5.05 %, 
C 17 H n N0 3 ; found: C: 73.15 % H: 3.96 % N: 5.00 %. 

p-Malpinimido phenY lacetic acid 

25.0 g (166.9 mmol) of p-aminophenylacetic acid were suspended in 250 ml of 
methanol and while heating brought into the solution with the addition of 500 ml. 
19.25 g (166.9 mmol) of maleic acid anhydride were dissolved in 100 ml of acetone 
and, over a period of 60 minutes, added drop-wise to the solution previously cooled to 
40°C. The set-up was stirred for 60 minutes at room temperature. Then the reaction 
mixture was concentrated to approximately 300 ml and set aside to cool at -20°C. The 
precipitation was suctioned off, washed with acetone and dried under a high vacuum 
(yield: 82 %). 18.0 g (72 mmol) of N-(4-acetic acid phenyl) maleic acid amide were 
suspended in 2.4 liters of toluene and heated to reflux. While heating, 14.7 g (20.2 ml, 
144 mmol) of triethyl amine were added and subsequently heated for 2 hours to reflux 
at the water separator. Then it was destilled off from the formed red oil and the 
solvent was removed under a vacuum. The yellow residue was dissolved in 300 ml of 
water and set to pH = 2 with 1 M HC1. The acidic solution was extracted with acetic 
ester (6 x 50 ml). The combined acetic ester phases were dried via sodium sulfate and 
the solvent removed under a vacuum. The product was recrystallized from acetic 
ester/hexane (yield: 51% yellow crystals); melting point: 1 58°C; Rvalue: 0.45 
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, i , a- r- 6? 34 % H- 3 92 % N: 6.09 %, CnHjNO,; 
(acetic ester/methanol 2/1); calculated. C. 62.34 /. H. J.w 

found: C: 61.84 % H: 4.43 % N: 5.59 %. 
pjj.^pimiHn phenvlarrtir. grid chloride 

, .o g (4.33 mmol) of p-malemimidophenylacetic acid were suspended >n 25 ml o 
dichloromethan e and diluted with a 2,-fold excess of oxalic acid drchlonde(l. 7g 
945 ,1- The reaction mix^re was heated to 30-40°C wtth the exclusion 

ofmoisUtre and stirred for 15h.Thenthe solvent was removed under a vacuum and 

driedunderahigh vacuum. Crys^Uzaticn front toluene yielded a yellow powder 

(yield: 59 %); melting point: 154»C; R^aine: 0.29 (acetic ester/hexane 4/1) 

. r- 58 91 % H- 3.30% N: 5.75%, CI: 14.49% 

Elementary analysts: calculated. C. 58.91 /o rl- 

f j c . 6 n 61 % H: 3.64 % N: 5.13 % CI. 13.80 /« 

(C, 2 H 8 N0 3 C1) found: C. 6U.61 

pj^aleinimid^^ , 
^^^^ 

with tert.-butylcarha.ate (2.87 g , 21 .7 mmol) in 50 m. of anhydrous tetrahydrofuran 
and stirred for 2 h at room temperature. The tetnurydrofuran was removed under a 
highvacuumandtheresidueta.enup^OOmlofaceucester.Theacet.esterphase 

was shaxenou, twice with 125 ml of water each and men dried via anhydrous sodtum 
sulfate. Thesolutionwasconcen tt a,edbyevaporation,anddissolveda„d 

alTgh vacuum (yeld: 90%); meiting point: decomposition at 152°C; Rvalue: 0-50 

(tetrahydrofuran/hexane 3/1). 2.5 g (7.25 mrnoi) p- maleinimidophenylacet.c actd 

^drazino-tert.-buty.carbazate were dissolved m 12 m, of trifluoroacetic ac, and 

stirred for 1 h at room temperature. The trifluoroacetic acid was subsequently 

removed under a high vacuum and the residue suspended in 50 ml 

palpitate was suctioned off, washed wi* dry ether and dried under ahtgh vacuum 

(yield: 82 % yellowish powder); melting point: 1 12°C; Rvalue: 0.06 

(tetrahydrofuran/hexane 3/1) 
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(CkH^NjOjFj) 



calculated: C: 46.80 % H: 3.34 % N: 11 .70 % 
found: C: 46.95 % H: 3.24 % N: 1 1.51 % 



mplrinimidonrrtaldehyde 

9, 6 g (100 ml, 689 mmol) aminoacetaldehyde diethylacetal were dissolved m 200 ml 
of acetic ester. Thereafter, 67.5 g (689 mmol) of maleic acid anhydride, dissolved m 
200 ml of acetic acid, were added drop-wise whiie stirring and cooling with ice wtthtn 
60 minutes. Stirring was performed for . h at room temperature. Then the reaction 
mi xture was concentrated to the half and set to cool at -20»C. After 24 h, the obtained 
precipitate was suctioned off under a vacuum, washed with acetic ester and enter, and 
subsequent dried under a high vacuum. (Yield: 90 %). 30.95 g (133.8 mmol) of N- 
(acetaldehyde diethylacetal)maleic acid amide were dissolved in 900 ml of toluene, 
,4 2 g (19 6 ml, 140.5 mmol) of triethylamine were added thereto and the reactton 
mixture boiled for 15 h at the water separator. Thereafter, the solvent was removed 
under a vacuum. The remaining syrup was taken up in 350 ml of diethyl enter and 
extracted 3 x with 50 m. of water each. The ether phase was dried over Na 2 S 0< , the 
solvent removed under a vacuum and the residue purified using column 
chromatography 

(acetic ester/hexane 1/1; yield: 36 % of colorless syrup); ; R^ue: 0.49 (acettc 

ester/hexane 1/1) 

calculated: C: 58.15 % H: 7.49 % N: 6.17 % 
(C^NO.) found: C: 58.10 % H: 6.98 % N: 6.35 % 

20 1 g (94 3 mmol) of maleinimidoacetaldehyde diethylaeetal were dissolved in 350 
m l of dichloromethane and 40.2 of silica ge! 60 were added while stirring. 4.0 g of 30- 
% sulfuric acid were added and refluxed for 60 h. Then the silica gel was filtered off 
and the reaction solution was extracted with 4 x 50 ml of water. The dichloromethane 
was dried over sodium sulfate and concentrated through evaporation. The res.dual 
svrup was dissolved and recrystallized from acetic ester/hexane (1 :1 0) (yteld: 1 5 % 
white crystal); melting point: 68-69X; Rvalue: 0.52 (THF/hexane 3/1) 
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calculated: C: 51.76 % H: 3.62 % N: 10.06 % 
found: C: 51.48 % H: 4.14 %N: 9.60% 



? rrnH™ ™^r>ethv1 ^1"™formate 

^^^^ 

Of 479 mg (660,.;4. 8nm ol)of ri eth y la m ine,fte set-up W asst md for 72hat com 

(acetic ester/hexane 2/1); calculated: C. 41.2b 

17 - 41% , c .41 11% H:3.00% N: 6.88 % CI: 16.94 % 

(C^NOP) found: ^ « lA 

Synthesis ofbismaleinimide compounds: 

^^^^ 

During the drop-wise 

L and thenar whether and dried under a vaouurn. 2, g (3.9 ru.no,, 7 /» of 
the theory) of the product were obtained as a yellow-white solid, DC: silica gel, 

^0,(486 ^01)0^:0,64.20 0/. H: 4.53 % N: 11.52 *0. .9.75 
found: C: 62.57 % H: 4.55 % N: 10.67% 
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1 ° « (4 65 ^ ; .! vdrazid e in 40 ml of absolute methanol. To the react.cn 

0.1, .nmoDofadip.cac.d ihydraz.de m 5hatroom 
mlx „addedlOO,,oftri fl uoro off md waste d 2 x 

^-^-^^~;«^--**»-- 

pI0 duc tW asd ri ed Ur .dera_ D C- J . 63 . 38 % H: 4,3 % 

240°C (decompos.uon); C 30 H M N 6 O 6 P * 
N:14 . 7 ,./o; found: C:63. 18 %H-. 4.83% N-. 15 .03/. 

2, g (,2nmto,)acetopheno„e-4^ 

20 ml ofTHF, were added drop ^ removed under a vacuum, 

issto dwhi>ecoolin 6 overaper,o d ofl2Mm . ^ 1: R[= 0.71, 

^^^^^•"^^TtTH H:4.21% N:5.36% ; 
Fp ■ ,40'Ci C,H„N0 5 (261 g/mol); calculated. C. 59.77 

found: C: 60.1 % H; 4.2 W N: 5.0% 

fcCaitolben^^ thvlester are suspended in 200 ml of 

25 g 0 3,.9 nrmol, of terephthaUc acid n— hylester « P 

HCapHofapp— ^ ^ producUs ^ed under a vacuum, and 
off and washed with half-conc. HC1. The p ^ 
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14.68% 

^^a^^ in 200 ml of THF *td 

8 , nf 93 og „ (0 11 mol) of bis-terr.-butyldicarbonate m 50 ml of 

dil utedw i thasolu. I o n of23.98 g(0.11 ) ^ . 

THF After 48 h of stirring at room temperature, the THr is rem 

98 . 4 . /o ofthemeoreticail yP ossi b ley 1 e,d. ^ , M0% 

C^AC-g/mol) — d. -».;> %H 5 56%N:979% 

1 olvedto g e te rv^^^^^ 

OMAPinl OmiofTHF and diluted drop-wise a, 4°C ^ a — of 3,3 g 
^isreledunderavacuum.the residue dissolved -^e and 
organicpnaseoverNa.SO.Uis concentrated to half and cooled to C.O.O* 

Wiethe, Obtained are 5.3 g (.4.09 corresponding < 98. . o the 

•u, • u r H N O, (376 g/mol); calculated: C. 54.26 /o h. 
theoretically possible yield. C 17 H lg N 3 u 7 ^ ' b 

% N: 11.18%; 

found: C: 52.65 %H: 5.53 %N: 10.56 o/o 
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4-rN-hvdroyY^^r.ir.imido)r.^rhnnv1^ben 7 . ov1hydraz ide trifluoroacetate 
3 g (7.98 mmol) of N-tertiarybutyloxycarbonyl-4-(N- 

hydroxysuccinimidocarbonyl)benzoylhydrazide are diluted with 10 ml of anhydrous 
trifluoroacetic acid and stirred over a period of 2 h at room temperature. During 
rigorous stirring, 50 ml of diethylether is added. The solid formed is suctioned off and 
washed several times with diethylether. After drying under a vacuum, 3.0 g (7.67 
mmol) of the product are obtained as a white powder, corresponding to 96.1% of the 
theoretically possible yield. C 14 H 12 N 3 0 7 F 3 (391 g/mol); calculated: C: 42.97 % H: 
3.07% N: 10.74%; 

found: C: 43.49 % H: 3.42 % N: 10.74 % 

Step 2: Synthesis of maleinimide and hydroxysuccinimide derivatives of 
cytostatic compounds 

rblnroam W.il^rhoxvlic HC \d hydrazide 

Chlorambucil (1 .0 g; 3.29 mmol) was dissolved in 50 ml of absolute CH 2 C1 2 and 
diluted with oxalylchloride (431 4.8 mmol) and the set-up stirred for 15 h at 30- 
40°C. Subsequently, the solution is concentrated through evaporation and residues of 
oxalylchloride removed under a high vacuum. The synthesized oxalylcarboxyl acid 
chloride was directly reacted further by dissolving the obtained brown syrup in 20 ml 
of absolute CH 2 C1 2 and, while stirring at room temperature, tert.-butylcarbazate (457 
mg; 3.45 mmol), dissolved in 20 ml of CH 2 C1 2 , was added drop-wise within 1 h. The 
set-up was stirred for 36 h, filtered off from the insoluble parts and the solution 
concentrated under a vacuum to approximately 3 ml. The obtained chloroambucil- 
tert.-butylcarbazate was brown syrup purified using a column chromatography 
(running medium: acetic ester/hexane 2/1; Rvalue: 0.52); yield: 700 mg (1.67 mmol; 
51% of the theoretical value). Chloroambucil-tert.-butylcarbazate (700 mg; 1.67 
mmol) was dissolved in 10 ml of tetrahydrofuran and diluted while stirring at room 
temperature with 10 ml of trifluoroacetic acid, stirred for 1 h and subsequently the 
solvent and the trifluoroacetic acid removed under a high vacuum with the formation 
of a light-brown solid. 
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C]jtniTlhy ^^ native, of r4- r 4- bisf?-ch1oroethy1) ^inophen y1>lbutyric acid 
hy^rfe rtrifl — "^te sa m and 4-acetophenor.ecarhoxylic acid-fN- 
h vdroxvsp rrimm i de Vester 

Chloroambcilcarboxylic acid hydrazide (trifluoroacetate salt; 721 mg; 1 .67 mmol) 
was dissolved in 30 ml of tetrahydrofuran and diluted while stirring at room 
temperature with 4-acetophenonecarboxylic acid-(N-hydrox y su C cinimide)-ester (479 
mg; 1 .83 mmol). After 20 minutes, the reaction solution was concentrated by 
evaporation. The residue was dissolved and recrystallized out from acetic 
ester/hexane; yield: 290 mg (0.66 mmol; 40 % of the theory) light-yellow crystals; 
(C 27 H 31 N 4 0 6 Cl 2 ,Mr577), 

calculated: C: 56.2 % H: 5.4 % N: 9.7 %, CI: 12.1 % 
found: C: 56.3 % H: 5.6 % N: 12.4 % CI: 11.7 % 

N'-r7-Malei" ^^oP.thvloxvr^bonyl)-5-fluoTOuracil 

500 mg (3.84 mmol) 5-fiuorouracil were dissolved in 100 ml of tetrahydrofuran and 
diluted with 505 mg (696 /,!; 4.99 mmol) of triethylamine. To this solution, 1016 mg 
(4.99 mmol) of 2-maleinimido ethyl chloroformate, dissolved in 100 ml of 
tetrahydrofuran, were added drop-wise and the set-up was stirred for 15 h at room 
temperature. Then, the solvent was removed under the water jet vacuum and the 
residue purified using column chromatography (LOB AR®-column; running medium: 

acetic acid/hexane 1.5/1; yield: 61 %); melting point: 132°C, Rvalue: 0.64 (diol; 

acetic acid/hexane 2/1) 

calculated: C: 44.29 % H: 2.68 % N: 14.09 %, (C n H 8 N 3 0 6 F); 
found: C: 44.29 % H: 2.68 % N: 13.58 % 

>n f ^-\/f,lpmimidobenz^ Y^vvTnethvlV5-fluorouracil 

1500 mg (11.55 mmol) 5-fluorouracil and 2.25 ml (25.4 mmol) of 37-% formaldehyde 
solution were heated to 60°C while stirring for 2 h. Then, the water was removed 
under a high vacuum and the residue dissolved with the addition of 20 mg of DMAP 
in 80 ml of tetrahydrofuran. To this solution, 3.01 g (13.85 mmol) of m- 
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maleinimidohenzoica^^ 

t etrahydrofuran, were added and then stirred for 1 5 h at room temperature. Th 
Z UP in approximate , y 20 ml of acetic acid and filtered off front ^ ^ 
si Hea g e 1 (aceticester/hexa n e2/ ] );yield:5%wh i tepowder) ; me 1 «n gP o 1 nt. 

v™ > 250°C' Rrvalue: 0.32 (acetic acid/hexane 2/1) 
decomposition > 250 L., tv<" m^o/.. 

, 1,-1. c- 55 98% H- 2.92% N: 12.24 /o, 
Elementary analysis calculated. C. 55.VS 

— = C:55,1%H:2,7%N:11,2, 

^,13^—1)0^^^ 

, „v 1 89 me of the red product (29%); Rvalue: 0.26 
(tetrahydrofuran/hexane 3/1), 189 mg oi me y 

(ethylacetate/hexane 3/1); melting point: 110'C; ^A* 

calculated: C: 61.84 % H: 4.75 % N: 3.70 %; 

found: c: 61.35 % H: 5.14 %N: 3.45%. 

C^^e^hy^^ 

02mmoldoxorubicinehydrochlorideandl.0mmoland4-((N- 
hydroxysuccimrnido^^ 

; ,00 ml of methanol. To this solution, 100 „ of C F3 COOH were added andthe 

reaction mixture stirred for 36 h at room temperature. The solution was then 
reaction mix ^ 
concentrated to approximately 50 ml. Acetomu 

concentrate ^ by means 

and the suspension was cooled at -20 C tor Z4 n. v 
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of centnfugation, and dissolved and recrystallized from methanol/acetonitril: 276 mg; 
R r value (reverse phase, acetonitril/0.005 M NaH 2 PC, <pH 5.0) - 70/30): 0.33, 
melting point: > 250°C (decomposition), (C B H 4 „N,O ll Cl) 

calculated: C: 56.83 % H: 4.86 % N: 6.80 % CI 4.31 %; 

found: C: 57.04 % H: 5.14 % N: 6.55 % CI 4.12% 

The method for the production of maleinimide derivatives with ^-configured 
platinumdl) units is described by the following example: N-(0-(3- 
maleinimidobenzoyO-Z-hydroxyethyD-ia-diaminoemane dichloroplattnumaD - four- 

step synthesis. 

To a solution of 20.8 g (200 mmol) of N^-hydroxyemyD-.^-diaminoemane m 100 
ml of dichloromethane, 47.96 g (220 mmol, 0.5 eq) of bis- 
tertiarybutyloxycbonylanhydride, dissolvedin 200 m. of dichloromethane were 

temperature, men dihtted with ,00 ml of diethy.ether and extracted wrth 1 50 ml of 
water. After d^ingofthe organic phase over sodium sulfate, it is concentrated under 
avacuum-Thepurificationoftheproductoccursthroughtheuseofcolumn 
chromatography (ethylacetate/hexane (1:1.5), Rvalue: (ethylacetate/hexane 1:1.5 : R, 
- 0 18- yield- 30 g (98.68 mmol). Elementary analysis for C,.H 28 N 2 C, (304 g/mol); 
~J£L«»L« H:9.2,% N:9, 1%; found:C: 55.50. H:,,8. H: 9.02 



N-fO-(3' 



b— miio i£ o Z ^r^^ 



] O-Hiqtninnethane 

To a solution of 8 g (26.3 mmol) N-(2-hydroxy=thyl)-N,N'-bis- 
tertiarybutyloxyc M bonyl-l,2-diaminoethane in 50 m. of tetrahydrofuran and 4 m, 
(28 9 mmol. l le q ) of triethylamine, 6.82 g (29 mmol, 1.1 eoj 
acid chloride, dissolved in . 00 ml of tetrahydrofuran, are added drop-w.se at room 
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temperature while stirring within 1 h. After stirring for a further 8 h at room 
temperature, according to DC, the reaction is completed. The triethylammonium 
chloride formed in the reaction is filtered off. After removal of the tetrahydrofuran and 
the excess triethylamine under a vacuum, the oil formed is purified using column 
chromatography (silica gel: ethyl acetate/hexane (1:1), Revalue (ethyl acetate/hexane 
1:1) = 0.2, yield: 9.6 g (19.1 mmol) of the product in the forM a yellow oil, 
corresponding to 72.6% of the theoretically possible yield. Elementary analysis for 
C 25 H 3 3N 3 O g (503 g/mol); calculated: C: 59.64 % H: 6.56 % N: 8.35 %; found: C: 
60.04 % H: 6.77 % N: 8.24 % 

N-rO-G-mgle-inimidohen/^ 

6 g (11.93 mmol) of N-(0-(3-maleinimidobenzoyl)-2-hydroxyethyl)-N,N'-bis- 
tertiarybutyloxycarbonyl-l,2-diaminoethane are diluted with 60 ml (5 eq) of a 1M 
solution of HC1 in diethylether while stirring at room temperature. After 48 h of 
stirring at room temperature, the fme-crystallinic precipitate is suctioned off over a G4 
glass frit, freed of the HC1 residues through multiple washing with anhydrous ether 
and dried under a vacuum. Obtained are 3.0 g (7.98 mmol) of the product as a fine- 
powdery yellow solid, corresponding to 66.9% of the theoretically possible yield. 
Elementary analysis for C 15 H 19 N 3 0 4 C1 2 (375.9 g/mol); 
calculated: C: 47.89%, H: 5.05%, N: 11.17%, CI: 18.86%; 
found: C: 46.97 %, H: 5.42 %, N: 10.03 %, CI: 17.63% 

N-rO-r3-m^eir l imidobe P 7nvlV2-hvdroxvethvn-l,2-diaminoethane 
Hir.hlnrn platinumflD 

104 mg (0.25 mmol) of K 2 PtCl 4 and 94.2 mg (0.25 mmol) of N-(0-(3- 
maleinimidobenzoyl)-2-hydroxyethyl)-l,2-diaminoethane dihydrochloride are 
dissolved in 5 ml each of 20% tetrahydrofuran/water and mixed portion-wise. The 
initially red K 2 PtCl 4 solution is increasingly decolorized; a light-yellow precipitate is 
formed. Approximately 1 h after the last addition can the precipitate be suctioned off 
using a G4 glass frit. It is washed successively with small amounts of water, 20% 
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tetrahydrofuran/water and finally with diethylether. After drying under a vacuum, 
obtained are 106 mg (0.18 mmol) of the product as a fine-crystalline substance, 
corresponding to 72% of the theoretically possible yield. 

Elementary analysis for C 15 H 17 N 3 0 4 PtCl 2 (569 g/mol); calculated: C: 31.63%, H: 
2.99%, N: 7.38%, Pt: 34.29, CI: 12.46%; found: C: 31.19 %, H: 3.37 %, N: 6.79 
%, Pt: 32.35%, CI: 12.95% 

Step 3: Thiolation of the carrier protein 

The method for the thiolation is illustrated in more detail through the following 
example: 32 mg of human serum transferrin (98 % cyrstalline, Mr 80,000) [or 28.4 
mg of human serum albumin (98 % crystalline, Mr 66500), respectively] are dissolved 
in 1 ml of buffer (0.1 M sodium borate, 0.001 M EDTA, 0.15 M NaCl - P H = 8.0) 
degassed with argon (c(transfemn/albumin) ■= 4.0 x 10" 4 M) and diluted with 100 ^ of 
a freshly produced 4.0 x 10' 2 M iminothiolane solution (5.5 mg of iminothiolane 
dissolved in 1 ml of degassed buffer (0.1 M sodium borate, 0.1 5 M NaCl, 0.001 M 
EDTA - pH = 8.0). After 60-70 minutes, the excess iminothiolane is separated 
through gel filtration (column 1 .0 cm x 10 cm, Sephadex G.25) with the running 
buffer of 0.05 M sodium borate, 0.15 M NaCl - P H 7.5 of thiolated transferrin or 
albumin. The protein concentration after completed gel filtration was was determined 
at 280 nm e 280 = 92300 M" 1 cm" 1 , c [transferrin] = 2.4 x 10" 4 M) or e 280 = 35700 M' 1 
cm" 1 , (c[albumin] = 2.2 x 10" 4 M) and the number of the introduced HS groups was 
determmed with Ellmanns reagent at 412 nm e 412 - 13600 M" on") (c[HS group] = 
7.4 x 1 0" 4 M or 7.7 x 10" 4 M). The ratio c[HS groups]/c[transferrin] was thus 3.1 and 
the ratio c[HS groups]/c[albumin] was 3.5. The following tables summarize the 
reaction conditions, by which different numbers of HS groups are introduced into 
transferrin or albumin: 
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Table la. Reaction conditions for the introduction ofHS groups into transferrin 

c[iminothiolane]/ reaction time, min temperature, °C number of introduced 

c[protein] 

10:1 60-75 

10:1 6 °- 75 

20 : 1 60-75 

30:1 60-75 

40 : 1 60-75 

50:1 60-90 

70 : 1 60-90 



0-5 

20-25 

20-25 

20-25 

20-25 

20-25 

20-25 



HS groups/protein 
1 

2-3 

5-6 

9-10 

12-13 

15-16 

20-21 



Table lb. Reaction conditions for the introduction of HS groups in albumin 

c[iminothiolane]/ reaction time, mm temperature, °C 

c[protein] 



60-75 
60-75 
60-75 
60-75 
60-95 
60-90 



0-5 
20-25 
20-25 
20-25 
20-25 
20-25 



number of introduced 
HS groups/protein 
1 

2-3 

5-6 

9-10 

15-16 

30-32 



The thus isolated protein sample was used directly for the following reaction in Step 
4. 

Step 4: Coupling of the derivatives of the cytostatic compounds (Step 2) to the 
thiolated carrier protein (Step 3) or to polyethylene glycols: 

Methods - FPLC for the production of conjugates: P-500 pump, LCC 501 controller 
(Pharmacia) and LKB 2151 uv-monitor, buffer: standard borate: 0.025 M sodium 
borate, 0.15 M NaCl - pH 7.5 or phosphate buffer: 0.004 M sodium phosphate, 0.15 
M NaCl - pH 7.4. The protein concentration of the conjugate was determined with the 
BCA protein essay from Pierce (USA). 



with the 3'-amino amide de rivative of doxorubicine and p- 



Transferrin conjugate 
maleinim idn phenvla ^tir. acid f amide,) 

3.5 ml of thiolated transferrin sample (3.3 introduced HS groups) were diluted to 30 
ml with standard borate and 1.0 ml of a solution of amide, (Mr 742.68) in DMF (1.8 
mg dissolved in 1.0 ml of DMF) were added and mixed. After 10 min, the solution 
was concentrated to approximately 2.0 ml with CENTRIPREP®-10 concentrators 
from Amicon, FRG (60 min at 4°C and 4500 U/min). The concentrated sample was 
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centrifuged (5 min) with a Sigma 1 12 centrifuge and the excess applied on a 
Sephadex® G-25F column (column 1 .0 cm x 10 cm) and the conjugate was isolated 
(retention volume: 3.5 - 7.0 ml). The amount of bound doxorubicin was determined 
with the aid of epsilon values for doxorubicin e A95 = 10650 M" 1 cm"\ from which the 
corresponding contribution of transferrin at this wavelength was subtracted e[Tf] 495 = 
4100 M' 1 cm" 1 . The concentration of the bound doxorubicin was 322 fjM and that of 
transferrin was 101 /uM. 

AiK, lwl in ,™ue ^ ~fih« r.,rhoxvl hvdra7one derivative of [4-(4-bis(2- 
^,^vi winn-nhen^ mhu t^Tir ,nd h ydra/ide and 4-ace to pWne carboxylic 
^rLfN-h yHroxysu^ ininnideVester 

66.5 mg of albumin, dissolved in 2.2 ml of 5ml phosphate buffer, were mixed with 0.1 
ml of a solution of carboxylhydrazone derivative in DMF (1.2 mg dissolved in 0.1 ml 
of DMF), centrifuged after 10 min and the excess apllied on a Sephadex® G-25F 
column (column 1.0 cm x 10 cm) and the conjugate was isolated (retention volume: 
3 7-7 1 ml). The amount of bound chlorambucil was determined with the aid of the 
test according to Epstein (Epstein et al., Anal. Chem. 1955, 27, 1435-1439). It was 
280mM in this working method. 

^ r ^tww qiveon mrl N (O (3 m,1Hnimidobenzo yl)-2-hydroxyethylVl,2, 
^^pninnPthanedichloroplatinuman 

100 mg of CH3O-PEG-SH 20,000 (0.005 mmol) are dissolved in 5 ml of phosphate 
buffer and mixed with 5.7 mg (0.01 mmol) of N-(0-(3-maleinimidobenzoyl)-2- 
hydroxyethyl)-l,2-diaminoethane dichloroplatinum(II), dissolved in 250 »\ of DMF. 
After 20 min, the reaction mixture was centrifuged and the excess applied on a 
Sephadex® G-25F column (column 2.0 cm x 15 cm) and the conjugate was isolated. 
The amount of bound platinum complex was determined with the aid of the test 
according to Gonias and Pizzo (Gonias, S.L., Pizzo, S.V. J.Biol.Chem. 1982, 258, 
5764 - 5769). It was 380mM in this working method. 
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Polyethylene plvcol co n jugate consisting of H S-PKG-SH 20.000 (g.G)-bis-thio- 
polvethvlene glycol and N , -r2-maleinimidoethv] oxvcarbonylV5-fluorouracil 
100 mg of HS-PEG-SH 20,000 (0.005 mmol) are dissolved in 5 ml of phosphate 
buffer and mixed with 3.0 mg (0.01 mmol) of N'-(2-maleinimidoethyloxycarbonyl)-5- 
fluorouracil, dissolved in 250 iA of DMF. After 30 min, the reaction mixture was 
centrifuged and the excess applied on a Sephadex® G-25F column (column 2.0 cm x 
15 cm) and the conjugate was isolated. The amount of bound 5-fluorouracil was 
determined at e 26Q = 6520 M" 1 cm" 1 . It was 460/uM in this working method. 

Con jugate consisting of albumin an d transferrin loaded with doxorubicin (amide ,) 
30 mg of human serum albumin were dissolved in 2.0 ml of 0.1 M sodium borate 
degassed with argon, 0.001 M EDTA, 0.15 M NaCl - pH = 8.0 at room temperature 
(RT). To this mixture, 1 83 /A of a solution of 2.9 mg of iminothiolane in 250 /A of 
degassed 0.1 M sodium borate, 0.001 M EDTA, 0.15 M NaCl - pH = 8.0 were added, 
thoroughly mixed and incubated for 1 h at room temperature. Then, the excess 
iminothiolane was separated off through gel filtration. The measurement of protein 
concentration, as well as the concentration of free SH groups resulted in the following 
values: c[albumin] = 1.44 x 10" 4 moVl, c[SH groups] = 1.25 x 10" 3 mol/1. The average 
number of SH groups per albumin molecule resulted from the quotient of both 
concentrations to be 8.7. 

2.0 ml of this thiolated albumin solution were used for the further reaction. To 
neutralize 7 of the 8.7 SH groups per protein with 3'-aminoamide derivative of 
doxorubicin and p-maleinimidophenylacetic acid (amide^, the protein solution was 
first diluted with standard borate buffer to 10 ml. Then, while shaking, 40 fA of a 
solution of 40 mg of amid^ in 1 ml of DMF was added and incubated for 10 minutes 
at room temperature. After that, the sample was centrifuged (3,000 g, 4°C) for 5 min. 
The excess was concentrated to a volume of approximately 1 ml (3,000 g, 3 x 15 min, 
4°C) using Centricon 3,000 concentrators® (company: Amicon). Then, 25 mg of 
human serum transferrin was dissolved in 1.2 ml of buffer (0.1 M sodium borate, 
0.001 M EDTA, 0.15 M NaCl - pH = 8.0) degassed with argon. To this mixture, 15 /A 
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of a solution of 2.9 mg of iminothiolane in a 250 /zl of buffer (0.1 M sodium borate, 
0.001 M EDTA, 0.15 M NaCl - pH = 8.0) degassed with argon were added, 
thoroughly mixed and incubated for 1 h at room temperature. Then, excess 
iminothiolane was separated off through gel filtration. The measurement of protein 
concentration as well as the concentration of free SH groups (test according to 
Ellmann) resulted in the following values: [transferrin] = 1.20 x 10" 4 mol/1, [SH 
groups] = 1 .96 x 1 0 * mol/1. The average number of SH groups per transferrin 
molecule resulted from the quotient of both concentrations to be 1.6. 
1.9 ml of the thus-thiolated transferrin solution were diluted to 10 ml for the further 
reaction, first, with standard borate buffer. Then, to the reaction mixture, 72 /d of a 
solution of 10 mg of 1 ,4-diamino-N,N'-di-m-maleimmidobenzyl-butane in 200 (A of 
DMF were added. After 10 min at room temperature, the turbid mixture was 
centrifuged (5 min, 3,000 g, 4°C). The excess solution was poured off and 
concentrated in a Centricon 3,000 concentrator® to a volume of 600 »\. For removing 
of the excess bismaleinimide, it was filtered over a Sephadex 25. 
1 ,500 Ml of a solution with the thus-modified transferrin were added to 500 iA of the 
above albumin solution loaded with doxorubicin, mixed thoroughly and incubated for 
1 5 min at room temperature. Thereafter, the solution was concentrated to a volume of 
150 Ml in Microcon 10 concentrators® (company: Amicon). The concentrated protein 
solution was separated through gel chromatography into its ingredients (monomers, 
dimers, oligomers). Dimensions of the column: h: 40 cm, 0: 1 cm, loop: 100 „1, 
stationary phase: Superdex 200 Pharmacia, mobil phase: borate buffer, pH 6.8; gassed 
at +4°C with N 2 , flow: 1 ml/min, detection: photometric, A=280nm, retention volume: 
oligomers: 9.5 ml - 1 1 .5 ml, trimers: 1 1 .7 ml - 12.6 ml, dimers: 12.7 ml - 14.4 ml, 
monomers: 14.5 ml - 18.5 ml. 

The yield of the desired dimers with regard to the introduced amide L was 20 - 30%. 



Biological studies 

As an example for the in vitro and in vivo effectiveness of the conjugates, given are 
biological data of the doxorubicin conjugates shown below, which are representative 
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of the activity- cr toxicity profile of the conjugates disclosed fa the invention. The 
effectiveness of the conjugates was determined using a -colony-forming assay" and 
with the aid of the incorporation of BrdU(5-bromo-2-desoxyuridine) in the cell culture 
according to standard scientific practice. As examples, shown are the 1C B values 
(■colony-forming assay" - seven xenografts) of the following doxorubicin conjugates: 
protein = transferrin (T) or albumin (A) 



«-- | protein _ 



DOXO-ARZID 

-6 

DOXO-HYD 



IC70 values in seven 



human tumor xenografts (colony-forming assay) 





human tumor 


T-DOXO- 


T-DOXO- 

ARZID 

0.09 


DOXORUBICIN 


A-DOXO- 
ARZID 


A-DOXO- 
HYD 


TO 


xenograft 
bladder BXF 


HYD 
1.48 


0.50 


0.06 


0.10 




1299 

lung LXFL 


0.054 


0.06 


0.02 


0.03 


0.04 




529 

lungLXFS 


0.04 


0.04 


0.02 


0.001 


0.01 


15 


538 

mamma 


0.04 


0.04 


0.02 


0.01 


0.10 




MAXFMX1 




0.23 


0.30 


0.34 


0.30 




melanoma 


0.29 






20 


MEXF989 
prostate 


0.02 


0.03 


0.03 


0.02 


0.06 




PC3MX 
prostate 


0.12 


0.08 


0.35 


0.24 


0.21 



Under these experimental conditions, the synthesized conjugates as listed above 
showed an effectiveness that was equal to or higher man that of the unbound 
cytostatic compounds. Corresponding polyethylene glycol conjugates exhibited a 

similar behavior. 
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Furthermore, the above-shown conjugates exhibit, in comparison to the free 
doxorubicin, in the xeno-transplantable naked-mouse models, mammary carcinoma 
MDA-MB-435 and mammary carcinoma MCF-7, in total a clearly reduced toxicity 
(reduced lethalness and body weight reduction, fewer side-effects in the gastro- 
intestine area), as compared to the free doxorubicin, and a stabilization of the increase 
in the relative tumor volume with equal or improved tumor-inhibiting effectiveness, as 
is shown in the example of the transferrin conjugate T-DOXO-HYD in the table: 

Animals: Ncr:nu/nu female; tumor: mammary carcinoma MCF-7 s.c. 
Therapy: day(d) 16, day(d) 23 i.v. 

number substance dose mortality ^^f^™ 

(mg/kg/inj.) (d) (%)d 13-23 T/C(/o) 



of mice 



NaCl 

doxorubicin 
doxorubicin 



-5 

1 (26) -15 



doxorubicin 12 7 (25-33) -21 

T-DOXO-HYD 4 

T-DOXO-HYD 8 

T-DOXO-HYD 12 " 5 



42 
21 



The dose refers to the amount of doxorubicin available. In the case of an equimolar 
dose (8mg/kg), T-DOXO-HYD exhibits an effectiveness that is comparable to that of 
doxorubicin at reduced lethalness and body weight reduction. In the case of the 
highest dose employed in the experiment (12 mg/kg), there appears a very high 
lethalness (5 of 7 and 7 of 7 animals, respectively) in the therapy with doxorubicin. 
The therapy with the transferrin conjugate at this dose exhibits no lethalness, the anti- 
tumor effectiveness being better. 
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